Waste cooking oil (WCO) is one of the economical and easiest sources for biodiesel production. The use of WCO in diesel engine is sustainable if they can perform similarly to diesel fuel. Therefore, this paper presents the performance and combustion characteristics of a single cylinder diesel engine fueled with biodiesel from WCO and compared with diesel fuel. In this study, the WCO was blended with diesel fuel at 5% and 10% blending ratio and named as B5 and B10 respectively. The experiment has been conducted at variable engine speed, constant load and at compression ratios of 17.7. The performance parameters that have been analyzed in this experiment were engine power, torque and in-cylinder pressure. In the end, results show that the engine performance of B5 and B10 was slightly similar to diesel fuel and can be used as a diesel's substitute.
Introduction
Diesel engine has been widely used especially in road vehicles, locomotive, marine transportation and industrial activities due to its superior fuel economy and power. This extensive usage has led to increased demand for diesel fuel hence caused the decreasing of petroleum fuel stock. In concerns of a long-term energy security, it becomes necessary to develop alternative fuels from natural sources with the properties comparable to petroleum based fuels. Through this point of view, considerable attention has been given towards the production of biodiesel as a diesel substitute. Furthermore, biodiesel becomes more attractive because it is a non-polluting fuels and renewable biomass sources. However, the biodiesel feedstock from vegetable oil is quite limited since the price is definitely high.
Nowadays, most of the waste oil from household is thrown through the home drains and ends up in waste waters then leading to water pollution. Waste cooking oil (WCO) becomes the effective way to reduce the biodiesel production since it reduced the feedstock cost for about 70-95% [1] . Therefore, the use of WCO should be given higher priority as economical choices for biodiesel feedstock. Besides that, it is also complying with international standard ASTM D6751 [2] . The production of biodiesel from WCO basically not much varies with standard biodiesel production. It also undergoes the transesterification process with alkaline, acidic and enzyme as catalyst [3] .
Most researchers proved that biodiesel from WCO can improve exhaust emissions by reducing smoke, hydrocarbon (HC), carbon monoxide (CO) and sulfur oxide (SO 2 ) [4] [5] [6] . However, the high viscosity of WCO same as other biodiesel still becomes a major problem. This is because, high viscosity could cause variations of engine problem such as poor atomization, carbon deposition and less accurate operation of the fuel injectors [7, 8] . Due to these problems, most researchers just used a small percentage for about 5% of WCO to be blended and tested for engine compatibility. For example, Kalam et al. [9] whom used 5% of different feedstock of WCO named as P5 for palm oil and C5 for coconut oil.
Therefore, the objective of this research is to investigate the engine performance of biodiesel from WCO using single cylinder of diesel engine. There were three types of WCO used throughout this study which includes 5% WCO biodiesel blends with 95% diesel (B5), 10% WCO biodiesel blends with 90% diesel (B10) and ordinary diesel.
Experimental Setup
In this study, a direct injection single cylinder of diesel engine was used. The existing engine is NA engine and it has no modification. The schematic diagram of the test bed is shown in Fig. 1 while the specification of the engine can be seen in Table 1 . This diesel engine was operated for about an hour at five different speeds which are 1200rpm, 1500rpm, 1800rpm, 2100rpm and 2400rpm.
Figure 1: Schematic diagram of the test bed
For this experiment, data acquisition system by TFX Engineering which consists of in-cylinder pressure sensor and crank angle sensor was used to collect data during the engine testing. The parameters that produced were engine power, engine torque, in-cylinder pressure, exhaust temperature and maximum combustion temperature. The k-type thermocouple is placed at exhaust line, intake manifold and air measurement unit. Thermocouple was used to measure the intake temperature, exhaust temperature and ambient temperature. In this study, engine testing was done according to SAE J1349 standard. Before the engine testing begins, all devices and sensors of the measurement equipment were inspected and cleaned to ensure accurate results can be obtained. In addition, the injector unit was also taken out and cleaned in order to make sure that the engine was in the best condition. Engine testing was repeated for several times before the actual testing in order to ensure that all instruments were in stable condition.
The measurement of the ordinary diesel, B5 and B10 properties was conducted under laboratory of Faculty of Chemical Engineering and Natural Resources, Universiti Malaysia Pahang. The entire chemical tests were followed strict procedures from ASTM and conducted under controlled room Applied Mechanics and Materials Vols. 465-466 temperature, pressure and relative humidity. This is to make sure that the result obtained will be free from environmental errors. All the chemical properties for each fuel were complied with the ASTM D6751 standards. Fig. 2 shows the graph of engine power and engine torque at different engine speed. In these graphs, it is obviously demonstrated that engine power for all fuels were increased gradually by the increment of engine speed. When the engine speed increased, the fuel consumption also improved. This is because, the time available (per cycle) for heat transfer to the walls will reduce and caused the combustion duration decreased. From the result of engine power and engine torque, both parameters for B5 and B10 also give almost similar result to ordinary diesel. These trends prove that the behavior of biodiesel from WCO is approaching to diesel behavior in terms of developing power since the chemical properties of B5 and B10 is almost similar with ordinary diesel. The trend of combustion pressure with respect to crank angle for B5, B10 and ordinary diesel are shown in Fig. 3 . All graphs show that the combustion pressure for each fuel is decreased by the increment of engine speed. From this experimental result, it is clear that the use of biodiesel has a significant impact on the cylinder pressure especially at the maximum speed of 2400rpm. Besides that, both B5 and B10 give high combustion pressure compared to ordinary diesel. This is due to the lower ignition delay of B5 and B10 caused by their lower calorific value. When the calorific value low, a large amount of fuel needs to be burned in premixed combustion stage then caused slightly higher peak pressure especially at low engine speed [10] .
Results and Discussions
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4th Mechanical and Manufacturing Engineering Fig. 4 shows the comparison of peak pressure of B5, B10 and diesel at different speed. At the lowest speed, the peak pressure of B10 is slightly higher compared to B5 and ordinary diesel. However, when the speed increased, the peak pressure of diesel is higher than both B5 and B10. Furthermore, the delay period of B5 and B10 are a bit longer compared to diesel. This might be caused by high viscosity of B5 and B10 that affect the spray characteristics as it will diminish the fineness atomization and results in poor combustion. 
Conclusion
In this study, the performance and combustion characteristics of biodiesel from WCO named B5 and B10 have been investigated and compared with ordinary diesel. From the overall observations, it has been found that the engine performance of B5 and B10 blend is almost approaching to ordinary diesel performance. There has also had a slight decreased for B10 at lowest engine speed but it is still in the acceptable range and comparable with ordinary diesel. Moreover, B10 seems more practical than B5 since it can save diesel usage and at the same time, the engine performance is still similar with diesel. It is also proved that lower percentages of WCO biodiesel can be used as alternate for ordinary diesel.
